**Core tip:** We demonstrated that CXCL10 rs1439490 G/G was more prevalent in patients with seronegative occult hepatitis C virus infection (OCI) than in those with seropositive chronic hepatitis C virus (HCV) infection (CHC). Rs1439490 G/G OCI patients had lower serum and liver levels of CXCL10, and lower levels of liver necroinflammation and fibrosis than non-G/G patients. OCI patients had higher alanine aminotransferase normalization rates after Peg-interferon treatment than CHC patients and serum CXCL10 decreased significantly. We, for the first time, showed that CXCL10 rs1439490 G/G may be positively associated with OCI in HCV infection and antiviral outcome.

INTRODUCTION
============

Occult hepatitis C virus (HCV) infection (OCI) involves the detection of intrahepatic HCV RNA by percutaneous transhepatic liver biopsy in patients with long-standing liver dysfunction who are seronegative for anti-HCV antibodies and RNA\[[@B1]\]. OCI was proposed as a subtype of chronic HCV infection (CHC)\[[@B2]\]. It was found to occur in 8.9% of patients with cryptogenic hepatic disease\[[@B3]\], 1.27% of infectious liver disease-free subjects\[[@B4]\], and in patients without conventional HCV markers but abnormal liver enzyme levels, or healthy subjects with normal alanine aminotransferase (ALT) levels and no clinical evidence of liver disease\[[@B1],[@B3]-[@B12]\].

To date, the pathogenesis of OCI remains unclear. It is unknown why OCI patients do not produce anti-HCV antibodies after exposure to HCV and why serum HCV RNA is not detectable. Low detection sensitivity has been implicated as a major reason for OCI\[[@B13]\], which may explain the existence of occult infection in anti-HCV seropositive and HCV RNA seronegative individuals. Mutant HCV strains that may subvert the conventional HCV assays have also been implicated in OCI\[[@B14]\]. However, the 3^rd^ generation HCV antibody detection assays cover most HCV structural and nonstructural antigens and achieve up to 99% sensitivity\[[@B15]\]. Instead, OCI may be the result of "sporadic" exposure to trace amounts of HCV\[[@B16]\] that generate insufficient T cell activation and B cell responses against infection. Consequently, serum anti-HCV activity cannot be detected by current clinical methods. Indeed, persistent low levels of virus-specific T-cell responses have been identified in OCI patients\[[@B17],[@B18]\]. However, this host immune response can only partially suppress HCV replication, but cannot eliminate the virus or viral antigens. Thus, HCV RNA remains detectable in the liver -- the primary target tissue.

Patients with OCI have distinct clinical outcomes from those with CHC even of the same genotypes, indicating the role of host factors in OCI pathogenesis. The interleukin-28B (IL-28B) locus has been associated with HCV outcomes and IL-28B C/C was shown to occur more often in OCI than in CHC patients\[[@B19]\]. In OCI patients, intrahepatic HCV RNA load was significantly lower in those with the IL-28B C/C genotype than in those with C/T or T/T genotypes\[[@B19]\]. Thus, IL-28B polymorphisms may affect endogenous IFN-λ levels and be associated with low viral replication in some patients. However, interferon (IFN) has also been shown not to play a determining role in OCI occurrence, and IL-28B C/C OCI patients were found to have lower serum levels of CXC chemokine ligand 10 (CXCL10) than IL-28B C/C CHC patients\[[@B19]\]. Therefore, regulation of OCI and the associated disease progression likely involves additional host immune factors.

The importance of CXCL10 expression during chronic hepatitis B virus (HBV) infection has recently been emphasized. Two single nucleotide polymorphisms (SNPs) of CXCL10 (G-201A and C-1513T) were reported to have high allele frequency in chronic HBV infected Chinese populations. The polymorphism G-201A in the CXCL10 promoter was also implicated in the genetic variation underlying the susceptibility to chronic HBV infection progression\[[@B20]\]. G-201A is located within the CXCL10 promoter region and is proximal to the NF-κB1/2 binding sites. The G-201A SNP is associated with the expression of CXCL10 in peripheral blood mononuclear cells (PBMC), underpinning the mechanism of chronic HBV disease progression. Based on this large cohort study, and the observation that both HCV and HBV promote the development of hepatic lesions and fibrosis by inducing inflammatory infiltration rather than by damaging hepatocytes directly, we hypothesized that CXCL10 G-201A may also affect the disease manifestation of CHC. However, to date, there is no such report.

In this study, we examined the expression frequency of CXCL10 G-201A (rs1439490), C-1513T (rs1440802) and IL-28B rs12979860 SNPs in OCI and CHC patients to investigate whether these polymorphisms are associated with OCI. In addition, we further analyzed the correlation of these SNPs with the serum and liver levels of CXCL10 and liver HCV RNA levels in OCI patients.

MATERIALS AND METHODS
=====================

Patients
--------

A total of 1796 patients with liver dysfunction and/or radiographic abnormalities of unknown etiology underwent liver biopsy between 2012 and 2016 at five hospitals in Northeastern China (China-Japan Union Hospital of Jilin University, People's Hospital of Jilin City, Fourth Affiliated University of Harbin Medical University, People's Hospital of Hunchun City, and the Second People's Hospital of Daqing City). All patients were Han Chinese. Subjects seronegative for anti-HCV antibodies and HCV RNA, but with detectable intrahepatic HCV RNA were included in the OCI group (n = 103). One hundred and fifty-five normal CHC patients who underwent liver biopsy prior to antiviral therapy during the same period were included in the CHC control group. Informed consent forms were obtained from all patients. The study was approved by the Institutional Review Boards of the individual centers (registration number: ChiCTR-ONRC-12002207).

Inclusion/exclusion criteria
----------------------------

OCI inclusion criteria were as follows: (1) Serum anti-HCV antibodies and HCV RNA negative in 3 consecutive tests within at least 3 mo, and persistent liver dysfunction and/or radiographic abnormalities; (2) HCV RNA/HBV DNA seronegative after ultracentrifugation and undetectable in PBMC; and (3) HCV RNA-positive in liver tissue. CHC inclusion criteria were as follows: (1) Serum anti-HCV antibodies and HCV RNA positive, and diagnosed with CHC in accordance with the EASL guidelines\[[@B21]\]; and (2) consent to receive hepatic histological evaluation prior to anti-HCV treatment.

Exclusion criteria were as follows: (1) Occult HBV infection, drug-induced liver disease, fatty liver disease, autoimmune liver disease, inherited metabolic liver disease after liver biopsy; (2) co-infection with other types of hepatitis (A, D, E), Epstein-Barr virus, cytomegalovirus, or human immunodeficiency virus; (3) chronic HCV infection complicated with decompensated cirrhosis or primary liver cancer; (4) severe heart, brain or kidney complications; and (5) received or receiving pegylated IFN (Peg-IFN) plus ribavirin (RBV) or IFN treatment.

SNP analyses of CXCL10 rs1439490, rs1440802, and IL-28B rs12979860
------------------------------------------------------------------

Peripheral blood samples were collected from the patients, placed in anticoagulant EDTA-treated tubes, and genomic DNA was extracted using a Puregene SK8224 DNA isolation kit from Sangon Biotech (Shanghai, China), according to the manufacturer's instructions. The primers targeting specific fragments were designed and synthesized by Sangon Biotech: CXCL10 promoter region G-201A rs1439490\[[@B20]\]: Forward: 5'-TTCAGTAACATAAACCCCAACAA-3'; Reverse: 5'-CACAAAGGAAGACAATAAGGGAG-3'. CXCL10 promoter region C-1513T rs1440802: Forward\[[@B20]\]: 5'-CTCACTTTGTCTCACCAATCTCA-3'; Reverse: 5'-CAGAGAAATGAGAGACCTAAGTGTG-3'. IL-28B rs12979860\[[@B22]\]: Forward: 5'-CCTCTGCACAGTCTGGGATTC-3'; Reverse: 5'-GCTCAGGGTCAATCACAGAAG-3'.

Serum CXCL10 levels
-------------------

Serum CXCL10 levels were measured by human CXCL10 Quantikine ELISA (R&D, Minneapolis, MN, United States)\[[@B20]\]. The sensitivity of detection was 38-1340 pg/mL.

Liver necroinflammation activity and fibrosis
---------------------------------------------

Liver tissues were obtained by percutaneous transhepatic liver biopsy and routinely stained with hematoxylin and eosin (HE). The biopsies were examined by experienced pathologists. Hepatic necroinflammation activity and fibrosis stages were scored according to the METAVIR scoring system\[[@B23]\] as shown in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}.

###### 

Algorithm for evaluation of histological activity

  **Piecemeal necrosis**   **+**   **Lobular necrosis**   **=**   **Histological activity score**
  ------------------------ ------- ---------------------- ------- ---------------------------------
  0 (none)                         0 (none or mild)               0 (none)
  0                                1 (moderate)                   1 (mild)
  0                                2 (severe)                     2 (moderate)
  1 (mild)                         0, 1                           1
  1                                2                              2
  2 (moderate)                     0, 1                           2
  2                                2                              3 (severe)
  3 (severe)                       0, 1, 2                        3

###### 

Fibrosis scoring

  **Description**                                                    **Score**
  ------------------------------------------------------------------ -----------
  No fibrosis                                                        0
  Stellate enlargement of portal tract but without septa formation   1
  Enlargement of portal tract with rare septa formation              2
  Numerous septa without cirrhosis                                   3
  Cirrhosis                                                          4

Liver immunohistochemistry
--------------------------

Biopsied hepatic tissues were immunohistochemically stained with anti-CXCL10 antibody (Abcam, Cambridge, United Kingdom). The staining intensity was assessed in 10 high-power fields based on the following scale: Score 0 -- negative (-), staining absent; score 1 -- weakly positive (+), yellowish; score 2 -- moderately positive (++), brown; score 3 -- strongly positive (+++), dark brown. The staining intensity in each field was calculated as: IS (intensity score) = Σ\[(0 × F-)+(1 × F+)+(2 × F++)+(3 × F+++)\], in which F is the percentage of cells stained at each intensity. The average score of 10 fields was the quantitative result of the whole slide\[[@B24]\]. Sections were scored by two independent observers.

Intrahepatic CXCL10 mRNA
------------------------

RNA was extracted from biopsied liver tissue and subjected to quantitative real-time PCR using the following primers: Forward: 5'-CTGAATCCAGAATCGAAGGCCATC-3'; Reverse: 5'-TGTAGGGAAGTGATGGGAGAGG-3'. The expression was normalized to the expression of house-keeping gene β-actin using primers as described previously\[[@B20]\].

Antiviral therapy
-----------------

Patients were treated with Peg-IFNα-2a (180 mg subcutaneous once weekly) plus RBV (1200 mg/d if body weight \> 75 kg and 1000 mg/d if ≤ 75 kg for HCV genotype 1; 800 mg/d for non-genotype 1)\[[@B21]\]. Genotype 1 OCI patients were treated for 48 wk and non-genotype 1 patients for 24 wk. For CHC patients, treatment was in accordance with the EASL guidelines\[[@B21]\]. Patients who received more than 80% of the cumulative total planned dose were considered to have completed the treatment\[[@B25]\]. All patients were followed up for 24 wk after treatment and a second liver biopsy was performed 24-96 wk after therapy in patients with informed consent.

Measures and monitoring
-----------------------

A standardized sample collection and data analysis protocol was applied at the five liver centers, including ELISA for serum anti-HCV antibodies (Roche Molecular Diagnostics, NJ, United States), highly sensitive, real-time PCR-based assay for HCV RNAs (LOD 15 IU/mL; COBAS Ampliprep/COBAS TaqMan 48 Analyzer, Roche), direct sequencing of serum or intrahepatic RNA for HCV genotyping (SinoMD, China), and Fibroscan for liver fibrosis (Echosens, France). Serum samples negative in routine HCV RNA tests were further ultracentrifuged and retested. If the ultracentrifuged serum remained HCV negative, PBMC were tested. In OCI patients, HCV RNA levels were re-assessed every 12 wk after initiation of antiviral treatment until the end of treatment or follow up. CHC patients had serum HCV RNA tests at 4 and 12 wk after initiation of treatment, and then every 12 wk until the end of treatment or follow up.

Statistical analysis
--------------------

Allele frequencies for each SNP were determined by the Hardy-Weinberg equilibrium test and the differences between groups were examined by Chi-square tests. Qualitative results were expressed as frequency and percentage, and statistical analyses were performed using the Chi-square test or Fisher exact probability test. Quantitative data were expressed as mean ± SD and analyzed using the Student t-test. Stepwise binary logistic regression analysis was used to determine the influencing factors. A two-sided P value less than 0.05 was considered statistically significant, and odds ratios (ORs) and 95% confidence intervals (95%CI) were assessed by SPSS software (v19.0; SPSS Inc., Chicago, IL, United States).

RESULTS
=======

***Clinical characteristics of sero*negative *OCI patients compared with seropositive CHC patients***

The clinical characteristics of OCI and CHC patients are shown in Table [3](#T3){ref-type="table"}. OCI patients were significantly older than CHC patients (52.16 years *vs* 42.70 years; *P* \< 0.001) and had higher rates of HCV infection history in family members (28.2% *vs* 12.3%; *P* \< 0.001). In contrast, the OCI group had lower base levels of ALT than the CHC group (61.13 ± 23.54 IU/L *vs* 93.17 ± 55.39 IU/L; *P* \< 0.001), lower rates of blood transfusion/surgery/tattoo history (7.8% *vs* 16.8%; *P* = 0.027), lower levels of intrahepatic HCV RNA (3.19 ± 1.05 *vs* 5.48 log~10~ IU/mL ± 1.49 log~10~ IU/mL; P \< 0.001), and lower METAVIR necroinflammation activity scores (1.14 ± 0.34 *vs* 1.69 ± 0.68; *P* \< 0.001). No significant difference in HCV genotype and METAVIR fibrosis stages were observed between the two groups.

###### 

Clinical characteristics of patients enrolled in this study *n* (%)

                                         **Seronegative OCI patients (*n* = 103)**   **Seropositive CHC patients (*n* = 155)**   ***P* value**
  -------------------------------------- ------------------------------------------- ------------------------------------------- ---------------
  Gender                                                                                                                         0.664
  Male                                   58 (56.3)                                   83 (53.5)                                   
  Female                                 45 (43.7)                                   72 (46.5)                                   
  Age (yr)                               52.16 ± 7.64                                42.70 ± 9.15                                \< 0.001
  ALT (IU/L)                             61.13 ± 23.54                               93.17 ± 55.39                               \< 0.001
  GGT                                    56.31 ± 16.63                               52.86 ± 15.69                               0.093
  BMI                                    23.73 ± 2.38                                24.12 ± 2.36                                0.192
  HOMA-IR                                2.39 ± 0.15                                 2.42 ± 0.18                                 0.219
  Transfusion/surgery/tattoo history     8 (7.8)                                     26 (16.8)                                   0.027
  Family history of HCV infection        29 (28.2)                                   19 (12.3)                                   \< 0.001
  Intrahepatic HCV RNA (log~10~ IU/mL)   3.19 ± 1.05                                 5.48 ± 1.49                                 \< 0.001
  HCV genotype                                                                                                                   0.89
  Genotype 1                             66 (64.1)                                   98 (63.2)                                   
  Non-genotype 1                         37 (35.9)                                   57 (36.8)                                   
  Fibrosis (Fibroscan)                                                                                                           0.317
  F0-1                                   65 (63.1)                                   104 (67.1)                                  
  F2-4                                   38 (36.9)                                   51 (32.9)                                   
  METAVIR activity score                 1.14 ± 0.34                                 1.69 ± 0.68                                 \< 0.001
  METAVIR fibrosis score                 1.82 ± 0.98                                 1.87 ± 1.07                                 0.673

*P* \< 0.05; ALT: Alanine aminotransferase; GGT: Gamma-glutamyl transpeptidase; BMI: Body mass index; HOMA-IR: Homeostasis model assessment of insulin resistance; HCV non-genotype 1: Other HCV genotypes except for genotype 1, including HCV 2-6 genotypes.

Serum CXCL10 levels in OCI patients with different polymorphisms of IL-28B rs12979860
-------------------------------------------------------------------------------------

Serum CXCL10 levels in OCI and CHC patients were compared. As shown in Figure [1](#F1){ref-type="fig"}, the OCI group exhibited significantly lower serum CXCL10 levels than the CHC group (192.91 ± 46.50 pg/mL *vs* 354.78 ± 102.91 pg/mL, *P* \< 0.0001), irrespective of IL-28B rs12979860 C/C or non-C/C (C/T+ T/T). However, serum CXCL10 levels did not differ significantly between IL-28B rs12979860 polymorphism (OCI: 191.75 ± 45.04 pg/mL *vs* 211.67 ± 68.56 pg/mL, *P* = 0.311; CHC: 356.42 ± 106.10 pg/mL *vs* 347.0 ± 87.50 pg/mL, *P* = 0.667) (Figure [1](#F1){ref-type="fig"}).

![Serum CXCL10 levels in occult hepatitis C virus infection patients with different variants of IL-28B rs12979860 (C/C or non-C/C) as compared to chronic hepatitis C virus infection patients. ^a^*P* \< 0.0001; ^b^*P* = 0.001. OCI: Occult hepatitis C virus infection; CHC: Chronic hepatitis C virus infection.](WJG-24-2191-g001){#F1}

CXCL10 polymorphisms in OCI patients compared with CHC patients
---------------------------------------------------------------

CXCL10 G-201A G/G genotype was more prevalent in the OCI group (93 of 103; 90.4%) than in the CHC group (116 out of 155; 74.8%; *P* = 0.008) (Table [4](#T4){ref-type="table"}). The distribution of CXCL10 rs1440802 (C-1513T) did not differ significantly between the two groups (*P* = 0.733) (Table [4](#T4){ref-type="table"}). Of the patients with IL-28B rs12979860 C/C genotype (Table [5](#T5){ref-type="table"}), OCI was associated with a higher frequency of CXCL10 G-201A G/G (87 of 97; 89.7%) than CHC (95 of 128; 74.2%; OR = 0.33; 95%CI: 0.15-0.71; *P* = 0.005).

###### 

IL-28B single nucleotide polymorphism rs12979860 and CXCL10 single nucleotide polymorphism G-201A, C-1513T in occult hepatitis C virus infection and chronic hepatitis C virus infection patients *n* (%)

                                   **Seronegative OCI patients (*n*=103)**   **Seropositive CHC patients (n=155)**   **P value**
  -------------------------------- ----------------------------------------- --------------------------------------- -------------
  IL-28BSNP rs12979860                                                                                               
  C/C                              97 (94.2%)                                128 (82.6%)                             0.009
  Non-C/C                          6 (5.8%)                                  27 (17.4%)                              
  CXCL10 SNP rs1439490 (G-201A)                                                                                      
  G/G                              93 (90.4%)                                116 (74.8%)                             0.003
  G/A                              9 (8.7%)                                  35 (22.6%)                              
  A/A                              1 (0.9%)                                  4 (2.6%)                                
  CXCL10 SNP rs1440802 (C-1513T)                                                                                     
  C/C                              26 (25.2%)                                40 (25.8%)                              0.733
  C/T                              54 (52.4%)                                78 (50.3%)                              
  T/T                              23 (22.4%)                                37 (23.9%)                              

*P* value: OCI group compared with CHC group; *P* \< 0.05; IL-28BSNP rs12979860 non-C/C genotype included IL-28BSNP rs12979860 C/T + T/T genotypes. OCI: Occult hepatitis C virus infection; CHC: Chronic hepatitis C virus infection.

###### 

CXCL10 single nucleotide polymorphism G-201A in occult hepatitis C virus infection and chronic hepatitis C virus infection patients with IL-28B rs12979860 C/C *n* (%)

                        **Seronegative OCI patients (*n* = 97)**   **Seropositive CHC patients (*n* = 128)**   ***P* value**   **OR (95%CI)**
  --------------------- ------------------------------------------ ------------------------------------------- --------------- ---------------------
  G/G                   87 (89.7)                                  95 (74.2)                                   0.005           0.331 (0.154-0.711)
  Non-G/G (G/A + A/A)   10 (10.3)                                  33(25.8)                                                    

*P* value: OCI group compared with CHC group; *P* \< 0.05; OR: odds ratio; 95%CI: 95% confidence interval; CXCL10 rs1439490 non-G/G genotype included CXCL10 rs1439490 G/A + A/A genotypes. OCI: Occult hepatitis C virus infection; CHC: Chronic hepatitis C virus infection.

Serum and liver CXCL10 levels, and HCV RNA levels in OCI patients with different CXCL10 G-201A polymorphisms
------------------------------------------------------------------------------------------------------------

The relationship between IL-28B rs12979860 polymorphism and CXCL10 is unclear. We showed that rs12979860 C/C patients had similar serum levels of CXCL10 to non-C/C patients in both the OCI and CHC group (Figure [1](#F1){ref-type="fig"}, *P* = 0.311 and 0.667). Due to the prevalence of IL-28B rs12979860 C/C genotype within both groups, we next compared the serum and liver CXCL10 levels and HCV RNA levels in rs12979860 C/C patients with different CXCL10 G-201A SNPs. Rs12979860 C/C OCI patients had lower serum CXCL10 levels, lower levels of intrahepatic CXCL10 mRNA (Figure [2B](#F2){ref-type="fig"}, 1.18 ± 0.27 *vs* 2.24 ± 0.65, *P* \< 0.0001) and immunohistological staining scores (Figure [2C](#F2){ref-type="fig"} and D, 0.94 ± 0.34 *vs* 2.71 ± 0.52, *P* \< 0.0001), as well as HCV RNA than CHC patients (Figure [2E](#F2){ref-type="fig"}; 3.20 ± 1.07 log~10~ IU/mL *vs* 5.53 ± 1.46 log~10~ IU/mL, *P* \< 0.0001). In addition, within both groups, CXCL10 rs1439490 G/G patients had lower levels of serum and liver CXCL10 (Figure [2A](#F2){ref-type="fig"}, OCI: 184.82 ± 39.19 pg/mL *vs* 252.10 ± 49.52 pg/mL, *P* \< 0.0001; CHC: 333.91 ± 101.01 pg/mL *vs* 421.24 ± 94.19 pg/mL, *P* \< 0.0001; Figure [2B](#F2){ref-type="fig"}, OCI: 1.16 ± 0.25 *vs* 1.42 ± 0.29, *P* = 0.003; CHC: 2.10 ± 0.61 *vs* 2.65 ± 0.60, *P* \< 0.0001; Figure [2C](#F2){ref-type="fig"} and D, OCI: 0.91 ± 0.33 *vs* 1.20 ± 0.34, *P* = 0.009; CHC: 2.07 ± 0.51 *vs* 2.45 ± 0.47, *P* \< 0.0001), except for intrahepatic HCV RNA (Figure [2E](#F2){ref-type="fig"}; OCI: 3.25 ± 1.09 log~10~ IU/mL *vs* 2.76 ± 0.66 log~10~ IU/mL, *P* = 0.163; CHC: 5.47 ± 1.42 log~10~ IU/mL *vs* 5.71 ± 1.58 log~10~ IU/mL, *P* = 0.422).

![Comparison of serum CXCL10 levels (A), liver CXCL10 mRNA levels (B), representative (C) and grouped (D) liver CXCL10 IHC scoring, and liver hepatitis C virus RNA levels (E) among IL-28B rs12979860 C/C patients with different CXCL10 rs1439490 polymorphisms. ^a^*P* \< 0.0001; ^b^*P* = 0.003; ^c^*P* = 0.009. OCI: Occult hepatitis C virus infection; CHC: Chronic hepatitis C virus infection.](WJG-24-2191-g002){#F2}

METAVIR scores in OCI patients with different variants of CXCL10 G-201A
-----------------------------------------------------------------------

In IL-28B rs12979860 C/C patients, those with OCI had lower hepatic necroinflammation scores than CHC patients, as evaluated by the METAVIR scoring system (*P* \< 0.0001). However, METAVIR scored liver fibrosis stages did not differ significantly (*P* = 0.67). Necroinflammation activity (OCI: 1.05 ± 0.21 *vs* 1.80 ±0.42, *P* \< 0.0001; CHC: 1.60 ± 0.64 *vs* 2.09 ± 0.72, *P* \< 0.0001) and fibrosis stage (OCI: 1.72 ± 0.99 *vs* 2.40 ± 0.69, *P* = 0.04; CHC: 1.64 ± 1.03 *vs* 2.58 ± 1.03, *P* \< 0.0001) scores were both lower in CXCL10 G-201A G/G than in non-G/G SNP patients (Figure [3](#F3){ref-type="fig"}).

![METAVIR necroinflammation activity (A) and fibrosis stage scores of patients with IL-28B rs12979860 CC genotype (B). ^a^*P* \< 0.0001; ^b^*P* = 0.04. OCI: Occult hepatitis C virus infection; CHC: Chronic hepatitis C virus infection.](WJG-24-2191-g003){#F3}

Efficacy of antiviral treatment in OCI patients with different CXCL10 G-201A variants
-------------------------------------------------------------------------------------

A total of 73 OCI patients and 90 CHC patients completed more than 80% of the planned antiviral drug doses. After 12 wk of treatment, ALT normalization occurred in 95.9% of OCI and 82.2% of CHC patients (*P* \< 0.05; data not shown). In G-201A G/G OCI patients with lower baseline serum CXCL10, serum CXCL10 levels decreased to 60.90 ± 16.78 pg/mL and 57.2 5 ± 19.51 pg/mL at the endpoint of antiviral treatment and at 24 wk follow up, respectively. In G-201A G/G CHC patients, serum CXCL10 levels decreased to 89.77 ± 35.94 pg/mL and 73.33 ± 22.64 pg/mL at these time points - approximately 1.4-fold higher than in OCI patients (Figure [4](#F4){ref-type="fig"}).

![Effect of antiviral therapy on serum CXCL10 levels of IL-28 rs12979860 C/C patients with different CXCL10 G-201A single nucleotide polymorphisms. A: The baseline serum CXCL10 levels of IL-28 rs12979860 C/C patients who completed the Peg-IFNα plus ribavirin treatment; B-C: The serum CXCL10 levels of the patients at the endpoint of antiviral treatment (B) and at 24 wk follow up (C); ^a^*P* \< 0.0001; ^b^*P* = 0.038; ^c^*P* = 0.008; ^d^*P* = 0.008; ^e^*P* = 0.009. OCI: Occult hepatitis C virus infection; CHC: Chronic hepatitis C virus infection.](WJG-24-2191-g004){#F4}

Eight OCI patients who completed the course of treatment had a second liver biopsy. All these CXCL10 G-201A G/G patients had undetectable intrahepatic HCV RNA. CXCL10 mRNA, necroinflammation activity and fibrosis scores also decreased (Table [6](#T6){ref-type="table"}). In contrast, of the 5 CHC patients who finished ≥ 80% of planned doses and achieved SVR, 2 patients (1 G/G and 1 non-G/G) remained intrahepatic HCV RNA detectable and only 3 patients achieved intrahepatic HCV RNA conversion to negative (2 patients with G-201A G/G and 1 patient with non-G/G). Nevertheless, CXCL10 mRNA, necroinflammation activity, and fibrosis scores in liver tissue all decreased after antiviral treatment (Table [7](#T7){ref-type="table"}).

###### 

Intrahepatic hepatitis C virus RNA, CXCL10 mRNA, and METAVIR scores of 8 seronegative occult hepatitis C virus infection patients who underwent a second liver biopsy

  ---------------- --------------------------- ------------------------------------------ -------------------------------- ----------------------------------------- --------------------------------- ------------ ----------- --- ---
  **Patient ID**   **CXCL10** **G-201A SNP**   **Intrahepatic HCV RNA (log~10~ IU/mL)**   **Relative liver CXCL10 mRNA**   **METAVIR** **necroinflammation score**   **METAVIR** **fibrosis scores**                                
  **Before**       **After**                   **Before**                                 **After**                        **Before**                                **After**                         **Before**   **After**       
  1                G/G                         2.17                                       (-)                              1.20                                      0.80                              1            0           0   0
  2                G/G                         3.57                                       (-)                              0.95                                      0.90                              1            0           1   1
  3                G/G                         2.72                                       (-)                              0.74                                      0.63                              1            1           1   1
  4                G/G                         5.08                                       (-)                              1.31                                      0.94                              1            0           1   0
  5                G/G                         2.83                                       (-)                              1.42                                      0.64                              1            0           0   0
  6                G/G                         1.97                                       (-)                              1.06                                      0.83                              2            1           1   1
  7                G/G                         4.64                                       (-)                              1.03                                      0.70                              2            0           2   1
  8                G/G                         2.94                                       (-)                              1.26                                      0.71                              1            1           3   1
  ---------------- --------------------------- ------------------------------------------ -------------------------------- ----------------------------------------- --------------------------------- ------------ ----------- --- ---

SNP: Single nucleotide polymorphism; HCV: Hepatitis C virus.

###### 

Intrahepatic hepatitis C virus RNA, CXCL10 mRNA, and METAVIR scores of 5 seropositive chronic hepatitis C virus infection patients who underwent a second liver biopsy

  **Patient ID**   **CXCL10** **G-201A SNP**   **Intrahepatic HCV RNA (log~10~ IU/mL)**   **Relative Liver CXCL10 mRNA**   **METAVIR** **necroinflammation score**   **METAVIR** **fibrosis scores**               
  ---------------- --------------------------- ------------------------------------------ -------------------------------- ----------------------------------------- --------------------------------- --- --- --- ---
  1                G/G                         6.18                                       (-)                              1.93                                      0.93                              1   0   2   1
  2                G/G                         3.9                                        (-)                              1.80                                      0.90                              2   1   1   1
  3                G/A                         7.74                                       1.94                             2.78                                      1.30                              2   1   3   2
  4                G/A                         7.38                                       (-)                              2.39                                      1.24                              2   1   2   2
  5                G/G                         5.51                                       1.38                             1.31                                      1.12                              1   1   2   1

SNP: Single nucleotide polymorphism; HCV: Hepatitis C virus.

Logistic regression analysis of factors associated with OCI
-----------------------------------------------------------

As shown in Table [8](#T8){ref-type="table"}, age, blood transfusion, family history of HCV infection, low levels of intrahepatic HCV RNA, IL-28B rs12979860 C/C genotype, and CXCL10 G-201A G/G genotype all influenced OCI occurrence (all *P* \< 0.05). Furthermore, multivariate analysis showed that CXCL10 G-201A G/G genotype (OR = 0.31, 95%CI: 0.15-0.66; *P* = 0.002) and IL-28B rs12979860 C/C genotype (OR = 0.28, 95%CI: 0.11-0.71; *P* = 0.008) significantly influenced occult occurrence in patients with HCV infection.

###### 

Logistic regression analysis of factors associated with seronegative occult occurrence of hepatitis C virus

  **Variable**                 **Univariate analysis**   **Multivariate analysis**                                 
  ---------------------------- ------------------------- --------------------------- ---------- ------ ----------- -------
  Age                          1.15                      1.11-1.19                   \< 0.001                      
  Blood transfusion            0.39                      0.17-0.92                   0.031                         
  Family history of HCV        3.66                      1.85-7.25                   \< 0.001                      
  Intrahepatic HCV RNA level   0.30                      0.23-0.39                   \< 0.001                      
  IL-28B C/C                   0.29                      0.12-0.74                   0.009      0.28   0.11-0.71   0.008
  CXCL10 G-201A G/G            0.32                      0.15-0.68                   0.003      0.31   0.15-0.66   0.002

*P* \< 0.05; OR: Odds ratio

DISCUSSION
==========

CXC chemokine ligand (CXCL-10), also known as IFN-gamma inducible protein (IP-10), is a small and potent cytokine belonging to the C-X-C motif chemokine family. CXCL10 was previously considered an IFN-stimulated gene; however, CXCL10 induction in hepatocytes during acute HCV infection does not require IFNs. Infected hepatocytes and intrahepatic infiltrated lymphocytes secrete CXCL10 within the first days of HCV infection\[[@B26]\]. HCV-associated pathogen-associated molecular patterns (PAMPs) have recently been reported to be capable of directly activating the cellular innate immune pathways\[[@B26],[@B27]\]. HCV RNAs or intermediates during viral replication can directly activate toll-like receptor 3 (TLR3) and retinoic acid-inducible gene-I (RIG-I), and induce the activation of nuclear factor-kappa B (NF-κB) *via* a myeloid differential protein-88-independent pathway (MyD88-independent pathway). NF-κB was found to positively regulate CXCL10 transcription during HCV infection as well as following exposure to poly(I·C) (a TLR3 agonist) and 5′ poly(U) HCV RNA (a RIG-I agonist) from two viral genotypes\[[@B26]\]. In addition, the transiently nuclear translocated interferon regulatory factor 3 (IRF3) was recruited to the proximal interferon sensitive response element (ISRE) during HCV infection and activated the CXCL10 promoter independently of type I/III IFN signaling. *In vitro* experiments also demonstrated that during early HCV infection, Huh7-derived cells expressing both TLR3 and RIG-I produced maximal CXCL10 mRNA with negligible induction of type I or III IFN, and neutralization of type I and type III IFN did not affect CXCL10 induction\[[@B26],[@B27]\].

The engagement of CXCL10 with C-X-C motif chemokine receptor 3 (CXCR3) expressed on the surface of CD4+ T~h~1 cells, natural killer (NK) cells, and CD8+ cytotoxic T cells induces the activation and migration of these cells to inflammatory sites\[[@B27],[@B28]\]. Within the liver, the activated CD4+T~h~1 cells produce more IFN-γ and tumor necrosis factor alpha (TNF-α), which in turn stimulate further secretion of CXCL10 from liver cells. Thus, the CXCL10-CXCR3 axis creates an amplification feedback loop (second paracrine signaling pathway) and maintains a sustained adaptive immune response, which plays an important role in viral suppression during acute HCV infection. However, this autoimmune process is not able to eliminate the virus in approximately 70% of patients and the virus persists for decades\[[@B29]\]. Instead, the CXCL10-CXCR3 signaling cytokines and cytotoxic factors released from CD4+ T~h~1 cells contribute to chronic liver inflammation and is termed the CXCL10-mediated *non*-specific immune response.

This study and that by Bartolomé et al\[[@B19]\] revealed that serum CXCL10 levels in OCI patients were lower than in CHC patients, suggesting an underlying role of CXCL10 in the lower levels of HCV replication in OCI patients and the chronic immune response. IL-28B polymorphisms may affect the endogenous IFN-λ level, and thus are associated with low viral replication. We observed a higher prevalence of IL-28B rs12979860 C/C in OCI than in CHC patients, which is consistent with Bartolomé's report\[[@B19]\]. This phenomenon could partially explain the suppression of HCV replication in OCI patients; however, low expression of CXCL10 in the context of IL-28B C/C genotype-associated high endogenous IFN expression remains to be understood.

Deng et al\[[@B20]\] recently reported that two CXCL10 SNPs, G-201A and C-1513T, were overrepresented in Chinese populations from Beijing and Chongqing with chronic HBV infection. G-201A locates within the CXCL10 promoter region and is proximal to the NF-κB1/2 binding sites. G-201A SNP was associated with the expression of CXCL10 in PBMC and chronic HBV disease progression\[[@B20]\]. This study inspired us to investigate whether these CXCL10 SNPs were associated with OCI. The general population in the Northeast area of China (Jilin and Heilongjiang Provinces) recruited in our study had a similar allele frequency of CXCL10 G-201A and C-1513T to the general population in Deng's study (data not shown). However, G-201A G/G genotype, but not C-1513T, was more prevalent in OCI patients. OCI patients with G-201A G/G had not only lower levels of serum CXCL10, but also lower levels of liver mRNA and CXCL10 protein. OCI patients also exhibited less severe liver METAVIR necroinflammation activity and fibrosis. We hypothesize that CXCL10 G-201A may influence the secretion of CXCL10, and subsequently the binding of CXCL10 to CXCR3 on the surface of T~h~1 cells. As such, the CXCL10-CXCR3 axis-mediated adaptive immune response is compromised. This concession would affect spontaneous clearance of the virus, but may also cause less liver damage. These extremely low levels of HCV replication are not sufficient to elicit anti-HCV antibodies. However, long-term HCV replication still promotes liver disease.

With respect to antiviral treatment, the comprehensive antiviral efficacy was better in OCI patients than in CHC patients, with CXCL10 G-201A G/G OCI patients even better than non-G/G OCI patients. ALT normalization rate increased along with the decrease in serum CXCL10 level. Due to the requirement for intrahepatic biopsy, only 8 OCI patients and 5 CHC patients who finished antiviral treatment consented to receive a second liver biopsy after treatment. Nevertheless, the results showed a decreased tendency of METAVIR liver necroinflammation activity and fibrosis scores along with the decrease in liver CXCL10 mRNA and protein levels. All 8 OCI patients achieved conversion to liver HCV RNA negative and 5 CHC patients achieved seroconversion to HCV RNA negative with 3 cases of conversion to liver HCV RNA negative. The relationship between decreased serum CXCL10 levels in CHC patients and antiviral treatment efficacy is complicated. It remains to be determined whether this is due to the suppression of HCV RNA or direct inhibition of viral replication by CXCL10. High CXLC10 levels were considered to negatively affect the antiviral efficacy of IFN-based treatment. However, CXCL10 levels have also been reported to affect non-IFN therapy for HCV infection, and are implicated as a surrogate marker of intracellular viral replication complex decay\[[@B30],[@B31]\].

In summary, our study revealed a higher prevalence of CXCL10 G-201A (rs1439490) G/G in OCI patients than in CHC patients. OCI patients with G-201A G/G achieved better antiviral efficacy with Peg-IFN plus RBV. CXCL10 G-201A G/G is associated with a seronegative occult response to HCV infection, and may be an independent prognostic factor for IFN-based antiviral treatment. Our results suggest the potential clinical significance of CXCL10 G-201A genotyping in identifying OCI during chronic HCV infection. In addition, clarifying the correlation between CXCL0 rs1439490 and liver necroinflammation or fibrosis stage may also guide IFN-based antiviral treatment of CHC patients. However, given the current availability of direct acting antiviral agents, the relationship between CXCL10 G-201A G/G and IFN-free anti-HCV regimens requires further study.

ARTICLE HIGHLIGHTS
==================

Research background
-------------------

In the past two decades, some patients with chronic hepatitis C virus (HCV) infection (CHC) have been shown to be seronegative for anti-HCV antibodies and RNA, but have intrahepatic HCV RNA in liver biopsy. However, the etiology of this occult HCV infection (OCI) remains unclear.

Research motivation
-------------------

Seronegative OCI patients were reported to have significantly lower serum CXCL10 levels than patients with CHC. Polymorphisms in the CXCL10 promoter have been implicated in the genetic variation underlying the susceptibility to chronic HBV infection (CHB) progression in Chinese populations. Moreover, CHC and CHB induce similar liver lesions and fibrosis through continuous infiltration of inflammatory cells, but do not damage hepatocytes directly. These phenomena promoted our interest to examine whether CXCL10 G-201A underlies the disease manifestation of OCI.

Research objectives
-------------------

To investigate the allele frequency of CXCL10 single nucleotide polymorphisms (SNPs) in patients with OCI and whether they are associated with the low levels of CXCL10 in OCI patients.

Research methods
----------------

We characterized the expression frequency of CXCL10 G-201A (rs1439490), C-1513T (rs1440802), and IL-28B rs12979860 in seronegative OCI and seropositive CHC patients in Northeastern China. Serum CXCL10 levels were measured by ELISA. Intrahepatic CXCL10 levels were determined by quantitative PCR and immunohistochemical *semi*-quantitative scoring. Liver necroinflammation and fibrosis were scored according to the METAVIR system. The associations of CXCL10 rs1439490 with CXCL10 levels and antiviral efficacy in OCI were analyzed.

Research results
----------------

CXCL10 G-201A G/G was more prevalent in seronegative OCI patients than in seropositive CHC patients. Serum CXCL10 levels were lower in OCI patients than in CHC patients, but did not differ significantly between IL-28B rs12979860 C/C and non-C/C patients. Of IL-28B rs12979860 C/C patients, OCI patients with CXCL10 G-201A G/G had lower serum and liver levels of CXCL10, and lower levels of liver necroinflammation and fibrosis than non-G/G patients. OCI patients had high ALT normalization rates and serum CXCL10 decreased significantly after Peg-IFNα plus ribavirin treatment, most potently in G-201A G/G patients. Liver necroinflammation and fibrosis were alleviated in 8 OCI patients after treatment. Multivariate analysis indicated that CXCL10 G-201A G/G significantly influenced the occurrence of OCI in HCV infection.

Research conclusions
--------------------

Our study revealed a higher prevalence of CXCL10 rs1439490 G/G genotype in OCI patients than in CHC patients. OCI patients with rs1439490 G/G genotype achieved better antiviral efficacy with Peg-IFN plus RBV. CXCL10 G-201A genotype is associated with the occurrence of seronegative OCI in patients with CHC, and may be *an independent prognostic factor for IFN-based antiviral treatment*.

Research perspectives
---------------------

More paired liver biopsies before and after antiviral treatment are anticipated to examine the correlation of CXCL10 change with clinical outcomes of OCI. In addition, given the current availability of direct acting antiviral agents, the relationship between CXCL10 G-201A G/G and IFN-free anti-HCV regimens requires further study.
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